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jEEftl 1 : : 





Chemical Weathering Factors 

• SOLAR iUV) CYCLE 

• TEMPERATURE CYCLES 

• OXYGEN 

• MOISTURE 

' POLYMER COMPOSITION 

— STRUCTURE 
— FORMULATION 
— IMPURITIES 
— ADDITIVES 

Chemical Weathering Effects 

MOLECULAR WEIGHT CHANGES 
Scission : Embrittlement 

Permeability 

Crosslinks: Shrinking 

Wrinkles 

PHOTOTHERMAL OXIDATION 

Unsc <ra tion : Discolorati on 
T ransparency 

Polar groups: Electrical properties 

Wettability 
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Computer Simulation 
INPUT 

Mechanism (rates) 

Conditions 

Integration parameter 
INTERFACE 

Block of ordinary differential 
equations 

SOLUTION 

Numerical integration 
Stiff • Gear 

OUTPUT 

Concentration vs time 
10-20 years 


Starting Conditions 

SUBSTRATE RH (cf. amorphous linear PE ) 

INITIATORS Ketone I0' 3 M 

Hydroperoxide 

Fortuitous 

OXYGEN Constant ICT 3 M 

TEMPERATURE Ambient 
RATES Literature (cf. fluid) 

SOURCE Daylight 




RELIABILITY PHYSICS 

The Mechanism: A Model of 51 Elementary Reactions 
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Table 1 . Data Set: Photooxidation Reaction Scheme and 
Activation Parameters 



ReieUoa mttrU 

A 

F. 

kr a\ /mol 

1. 

K.toa* > 

KIT* 

0.70 x 10' 9 

0 

2. 

KIT* > 

SMROj ♦ SMRCO 

0 .89 x 10° 

4.0 

3. 

3MRCO > 

SMROj ♦ CO 

17 

0.60 X 10 

35 

4. 

KIT* 

Alkene + SMKetoae 

0 .56 x I0 e 

2.0 

5. 

SMKetoae — > 

SMKIT* 

0.70 x 10’ 9 

0 

6. 

SMKET* ■> 

SMRO * CH CO 
2 3 

0.32 x 10 13 

0.5 

J. 

SJK£T* •> 

Alkene + Act ton* 

G .56 x 10° 

2.0 

8. 

BOOH > 

RO «* OH 

0.13 x 10 9 

0 

9. 

ROj ♦ RH > 

ROOH - R0 2 

0.30 x 30 10 

17.0 

10. 

SMROj ♦ RH > 

SMROOH - RO ? 

0.30 x 10 10 

17.0 

11. 

SMROOH ■> 

SMRO * OH 

0 . 13 x 10 9 

0 

12 

SMRO * RH > 

SMROH - R0 2 

0.16 x 10 10 

6.2 

13. 

RO * RH > 

ROH * R0 2 

0.16 x 10“ 

6.2 

14. 

RO > 

S2» IR0 2 - Aldehyde 

0.32 x 10 16 

17 .4 

15. 

KIT" * ROOH ■> 

Ketone - RO - OH 

0.25 x 30 10 

11.6 

IS. 

SMKIT* * ROOH > 

SMKetoae * RO * OH 

0.25 x JO 10 

11 .6 

17. 

SMRCO * Oj > 

SMRCOOO 

0.80 x ic“ . 

9.6 

18. 

SMB CO + RH > 

RO^ ♦ Aldehyde 

0.10 x 10 l ° 

7.3 

19. 

SMRCOOO ♦ RS > 

SMRCOOOH ♦ RO 

0.10 x lo 10 

17.0 

20. 

SMRCOOOH > 

SMRCOO ♦ OH 

0.13 x 10 

0 

21. 

SMB COO > 

SMROj ♦ C0 2 

0.10 x 10“ 

6.6 
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Table 1 . (Cont'd) 


n 

4 

22 . 

SUCH COO + RH 

> 

Acid + R0 2 

0 .10 X 1G 10 

17.0 


23. 

OH * RE 

> 

R0 2 - Water 

0.10 X 10 10 

0.5 

i 

24. 

CH 3 CO + RH 

— > 

RO„ ♦ CH CHO 

Z 3 

0.10 X 10 10 

7.3 


25. 

ch 3 co * o 2 

— > 

CH.COCO 

3 

0 .89 X 10 14 

9.6 


26. 

CH COOO + RH 

— > 

CH.COOOH + RO rt 

0.10 X 10 10 

17.0 

} i 

i 

27. 

3 

cb 3 coooh 

— > 

3 2 

CH 3 COO + OH 

0.13 r 10* 9 

0 


28. 

CH.COO * RH 
3 

— > 

CH„COOH + RO rt 
3 2 

15 

0.10 x 10 

6,6 


29. 

K£T* 

— -> 

Ketone 

0.10 x 10 9 

0 

1 

i 

30. 

SMKET* 

— > 

SMKetooe 

0.10 x 10 9 

0 

l 

j 

31. 

KET* ♦ 0 2 

— > 

Ketone ♦ SO^ 

0.89 X 10" 

9.G 

. 

32. 

SMKET* ♦ 0 2 

— > 

SMKetooe ♦ S0 2 

0.89 x 10 14 

9.6 

if 

33. 

RO. * RO„ 
2 2 

— > 

ROH + Ketone ♦ S0 2 

0.25 x 10 10 

11.6 


34. 

R0 2 * ROH 

— > 

ROOH * Ketone * HOO 

0.10 x 10 10 

15.3 


35. 

HOO + RH 

— > 

HOOH ♦ ROj 

0 .32 X 10 9 

15.0 

l 

36. 

HOO ♦ R0 2 

— > 

ROOH ♦ S0 2 

0.32 X 10® 

2.1 


37. 

ROj ♦- Ketone 

— > 

ROOH ♦ PeroxyCO 

0.13x10* 

8.9 


db . 

PeroxyCO * RH 

— > 

PEROOH + R0 2 

0.10 x 10 10 

17.0 


39. 

PEROOH 

— > 

PERO - OH 

0.13 x 10* 9 

0 


40. 

V «RO * RO„ 

— > 

D Ketone «■ ROOH 

0.25 x 10 10 

11.6 


41. 

RO„ * ROOH 
2 

— > 

ROOH * Ketone «■ OH 

0 .25 X 10 8 

11.6 


42. 

R0 2 * SMROH 

— > 

ROOH «■ Aldehyde ♦ HOO 

0.10 x !0 W 

15.3 


43. 

R0 2 «■ Aldthyde 

— > 

ROOH ♦ SMRCO 

0 .25 X 10 10 

11.6 


44. 

R0 2 * R0 2 

— > 

ROOR + S0 2 

12 

0.33 x Id 

16.0 
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Table 1 . (Cont'd) 


t 

. <9. 

45. 

SO 

2 

> 

°2 

0 .63 x 10'‘ 

0 

V - 

i* f 

46 . 

SO ^ + Alkeoe 

> 

ROOH 

0.20 x 10 14 

10.0 

; * 

47. 

RO„ ♦ A Ik* o« 


Branch 

O.ifi x JO 9 

n.o 

; i 

48. 

2 

SMRO. ♦ A lk* n* 

> 

ROOH 

0.16 x 10 9 

11.6 

•v 

* * 

49. 

2 

R0 2 * QH 

> 

ROOH + Q 

0.16 x 10® 

5.2 

?> 

> \ 
t * ». 

50. 

KET* + Q1 

> 

Ketone ♦ Heat 

0 .80 x 10 13 



51. 

ROOH + QD 

> 

PRODS 

13 

0.80 x 10 w 

9.5 

* * 
$ 

52. 

ROOH 

> 

RO* + OH- 

0.63 x 10 15 

35 

* 

■ * 

•» 

53. 

SMROOH 

> 

SMRO * OH 

0.63 x 10 15 

35 


54. 

SMRCOOOH 

> 

SMRCOO -* OH 

0.63 x 10 15 

35 


55. 

ch 3 cooob 

> 

CH COO + OH 
3 

15 

0.63 x 10 

35 


56. 

PEROOH 

> 

PERO ♦ OH 

0.93* 10 15 

35 


1 
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Stabilization Mechanisms 


BlmolacuUr 



UV shield Energy trane- Radteel Deeompoae 

(er to quencher trapping 
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RELIABILITY PHYSICS 

Photooxidation of Unstabilized Polyethylene 


Tim* to failure a* a fraction of light In too a! ty 
ROOH RO- + OH- 
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Flow Diagram for Computer Modelling 
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Concentration of ROOH Species Versus Time 


SPECIES 
K «>H00H 
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Concentration of Diketone Species Versus Time 
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Concentration of ROO« Species Versus Time 




